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1 EP 0 484 

Description 

FIELD OF THE INVENTION 

The present invention relates to an electric autorrK)- s 
bile having a wheel driving motor, and in particular to an 
electric automobile whose wheel driving motor is effec- 
tively cooled. 

BACKGROUND OF THE INVENTION 10 

In general, an electric automobile has a wheel driv- 
ing motor. This type of an electric automobile has lately 
attracted considerable attention, because such an elec- 
tric automobile is said to solve greenhouse effect prob- is 
lems and air pollution problems caused by exhaust 
gases containing carbon dioxide from cun-ent internal 
combustion engine type automobiles. 

However, both the power and the torque of an elec- 
tric automobile are considerably less than those of the so 
internal combustion engine type automobile. Further- 
more the distance range of the electric automobile per 
one charge cannot be said to be sufficient because of 
the low efficiency of the wheel driving motor and the 
small capacity of the battery of the electric automobile. 25 

As the power output of the wheel driving motor 
increases, the quantity of heat generated by the wheel 
driving motor also is inaeased, so that coiis of the 
wheel driving motor may burn because of an abnormal 
temperature rise of the motor and the motor efficiency of 30 
the wheel driving motor may decrease because of mag- 
netization reduction of the magnet. Accordingly, the effi- 
cient cooling of the wheel driving motor in order to 
maintain the efficiency of an electric automobile has 
been a great problem. 35 

A new cooling apparatus for cooling the wheel driv- 
ing motors of an electric automobile has been devel- 
oped. This cooling apparatus uses cool air generated by 
an air conditioner of the automobile. Such an air condi- 
tioner uses a refrigerant 40 

The cooling apparatus has an air pipe, a damper 
and a fan, which convey one part of the cool air for cool- 
ing the interior of the automobile to the front and rear 
wheel driving motors. 

In this cooling apparatus, the sufficiently cool air 4S 
may be conveyed to the front wheel driving motor, 
because the air conditioner is generally provided at the 
side of the front wheel of the autortnobile. However, the 
cool air conveyed to the rear wheel driving motor may 
be heated before reaching the rear wheel driving motor, so 
because of the length of the air pipe to the rear wheel 
driving motor. Therefore, the rear wheel driving motor 
cannot be sufficiently cooled. 

Both the front and rear wheel driving motors also 
cannot be sufficiently cooled when the cool air cools ss 
only the surfaces of the front and rear wheel driving 
motors. Furthermore, the cooling apparatus is in need 
of a large fan having a large volumetric delivery in order 
to convey the cool air to the rear wheel driving motor. 
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which causes problems in that a large power consump- 
tion is required, 

US 4307575 describes an air-corxJitioning system 
for an electric automobile, in which a wheel-driving 
motor is provided within the refrigerating system and is 
cooled directly by the refrigerant. 

US 4688394 discloses a combined heating and air- 
conditioning system for an automobile, these two oper- 
ating modes being selectable by reversing the flow of 
refrigerant in the system. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an electric automobile which can easily and effi- 
ciently cooi one or more wheel driving motors. 

The foregoing object is accomplished by providing 
an electric automobile comprising: 

a wheel-driving motor for driving respectively one 
or more of a plurality of driving wheels of the electric 
autonx>bile, and 

a refrigerating system in which a refrigerant 
flows, and which comprises a compressor, an outdoor 
heat exchanger, an indoor heat exchanger expansion 
valve, and an indoor heat exchanger connected one 
after another by refrigerant pipes, and in which 

the wheel-driving motor is provided within the 
refrigerating system, so that the wheel-driving motor is 
cooled directly by the refrigerant, 

the refrigerating system having a change-over 
valve whereby the refrigerant flow is made reversible so 
as to provide an indoor heating mode and an indoor 
cooling mode, whereby 

in the cooling mode the refrigerant is adiabati- 
cally expanded by the indoor heat exchanger expansion 
valve after passing through the outdoor heat exchanger 
and then cools the air around the indoor heat 
exchanger, and 

in the heating mode the refrigerant heats the air 
around the indoor heat exchanger, after t^ing heated 
either by compression at the compressor or by waste 
heat at the wheel-driving motor. 

According to the present invention, since each 
wheel driving motor is cooled directly by the refrigerant, 
the wheel driving motor is efficiently cooled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a schematic plane view showing an electric 
automobile according to a first embodiment of the 
present invention: 

Rg. 2 is a side view showing a front wheel driving 
nrotor of the electric automobile shown in Fig, 1 ; 
Rg. 3 is a side view showing a rear wheel driving 
nrrotor of the electric automobile shown in Fig. 1 ; 
Rg. 4 is a perspective view showing an electric 
automobile according to a variation of the first 
embodiment; 
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Rg. 5 is a systematically schematic view showing a 
refrigerating system in a cooling mode of an electric 
automobile according to a second embodiment of 
the present invention; 

Fig. 6 is a schematic view of a system, showing the s 
refrigerating system of Fig. 5 in a heating mode; 
Fig. 7 is a general schematic plane view showing 
the electric automobile according to a second 
emtjodiment of the present invention; 
Fig. 8 is a general schematic plane view showing an io 
electric automobile according to a variation of the 
second embodiment; 

Fig. 9 is a general schematic plane view showing an 
electric automobile according to another variation 
of the second emixidiment; 75 
Fig. 10 is a systematically schematic view showing 
a refrigerating system in a cooling mode of an elec- 
tric automobile according to a third embodiment of 
the present invention; 

Fig. 11 is a sectional view showing a refrigerant 20 
passage of the electric automobile according to the 
third embodiment shown in Fig. 10; 
Fig. 12 is a sectional side view showing a wheel 
driving motor of an electric autonrK)bile according to 
the third embodiment; ss 
Fig. 13 is a sectional side view showing a wheel 
driving motor of a variation of the electric automo- 
bile according to tiie third embodiment; 
Rg. 14 is a sectional side view showing a first struc- 
ture of a wheel driving motor of an electric automo- 30 
bile according to a fourth embodiment of the 
present invention; 

Fig. 15 is a sectional side view showing a second 
structure of tiie wheel driving motor of the electric 
automobile according to the fourth embodiment; ss 
Fig. 16 is a sectional side view showing a third 
structure of the wheel driving motor of the electric 
automobile according to the fourth embodiment: 
Fig. 17 is a sectional side view showing a fourth 
structure of the wheel driving motor of the electric 40 
automobile according to the fourth embodiment; 
Fig. 18 is a sectional side view showing a fifth struc- 
ture of the wheel driving motor of the electric auto- 
mobile according to the fourth embodiment; 
Fig. 19 is a sectional side view showing a sixth 45 
structure of ti^e wheel driving motor of the electric 
automobile according to the fourth embodiment; 
and 

Fig. 20 is a sectional side view showing a seventh 
structure of tiie wheel driving motor of tiie electric so 
automobile according to the fourth embodiment 

PREFERRED EMBODIMENTS OF THE INVENTION 



1.1 Basic Structure 

Fig. 1 is a plan view showing an electric automobile 
not according to tiie present invention. In Fig, 1 . a refrig- 
erating system is provided in the electric automobile. 
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The refrigerating cycle has a compressor 7. an outdoor 
heat exchanger 6» an expansion valve 3. and an indoor 
heat exchanger 4, which are connected in series by a 
refrigerant piping 1 . In this refrigerating system, after 
being coded by the outdoor heat exchanger 6, a com- 
pression refrigerant (such as Freon) is distributed into 
wheel driving motors 8 of front wheels 2a of the electric 
automobile and wheel driving motors 10 of rear wheels 
2b by tiie refrigerant piping 1 before entering the indoor 
heat exchanger 4. This distribution of the compression 
refrigerant may be performed by only diverging the 
refrigerant piping 1. However, when a distributor is used 
for distributing tiie compression refrigerant, the 
amounts of tiie compression refrigerant distributed by 
tiie distributor become more accurately equal to each 
otiier. so tiiat the difference between the cooling effi- 
ciencies of the wheel driving motors 8 and 10 becomes 
smaller. Expansion valves 13a, 13b are provided in the 
diverged refrigerant piping 1 just before wheel driving 
motors 8 and 10. The refrigerant is adialsatically 
expanded by tiie expansion valves 3, 13a. and I3b 
which are located Just before tiie indoor heat exchanger 
4 and the wheel driving motors 8 and 10, and then the 
refrigerant flows into the interiors of the indoor heat 
exchanger 4 and tfie wheel driving motors 8 and 10. 
The refrigerant cools the interior of the automobile as 
well as the interiors of the wheel driving motors 8 and 
10. In Fig. 1 , reference numeral 5 indicates a fan. 

As shown in Fig. 2. the refrigerant piping 1 for the 
front wheel 2a are provided on the wheel driving motor 
8 and pass through the inside of a steering shaft 9 of the 
front wheel 2a in order to not interfere with a steering 
mechanism (not shown). In Fig. 2, reference numeral 
1 la indicates a main shaft of the wheel driving motor 8. 
On tiie other hand, as shown in Fig. 3, the refrigerant 
piping 1 for the rear wheel 2b may be provided any- 
where as long as tiie pipes 1 do not interfere witii the 
rotation of the rear wheel 2, because the rear wheel 2b 
does not require any steering mechanism. In Fig. 3, ref- 
erence numeral 1 lb indicates a main shaft of the wheel 
driving motor 10. 

Then inlets of the refrigerant piping 1 are positioned 
above the outlets thereof in both the wheel driving 
motors 8 and tiie wheel driving motors 10 in order to 
smooth the flow of tiie refrigerant so tiiat the wheel driv- 
ing motors 8 and 10 may be positiveiy and entirely 
cooled. 

The refrigerant is heated by heat exchange with the 
wheel driving motors 8 and 1 0 in this manner. After that, 
the refrigerant flows into the compressor 7 and Is then 
adiabatically compressed by the compressor 7 to a high 
temperature and a high pressure. Next the refrigerant 
flows into the outdoor heat exchangers. The wheel driv- 
ing motors 8 and 1 0 can be effectively cooled by repeat- 
ing these steps, whether the wheel driving motors 8 and 
10 are operated or not Therefore, overheating damage 
to the motor coils caused by abnormal generation of 
heat and the reduction of motor effidencies caused by 
magnetization reduction can be prevented. At the same 
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time, the cooling operation of the interior of the autonrK)- 
bile can be perfbrnried by the indoor heat exchanger 4. 

1 .2 Variation of Structure 

5 

Next, a variation of the electric autonnobile accord- 
ing to the first embodiment of the present invention will 
be described with reference to Fig. 4, 

The same reference numerals are used in Fig. 4 in 
parts corresponding to those in Rg. 1, and detailed io 
descriptions of these parts are omitted. 

In the variation of the electric automobile shown in 
Fig. 4, one wheel driving motor 15 is provided for two 
front wheels 2a. the driving force of the wheel driving 
motor 1 5 being transmitted to the two front wheels 2a by is 
a transmission 16. Other parts of the automofc>ile shown 
in Fig. 4 are substantially the same as those shown in 
Fig. 1. 

In Fig. 4. the refrigerant is compressed by the com- 
pressor 7 and cooled by the outdoor heat exchanger 6, so 
and then the refrigerant is distributed to the side of the 
irKloor heat exchanger 4 and the side of the wheel driv- 
ing motor 15 respectively. The refrigerant distributed to 
the side of the indoor heat exchanger 4 is adiabaticaiiy 
expanded by the expansion value 3 located just before 2S 
the Indoor heat exchanger 4 and then flows into the 
indoor heat exchanger 4, Next the refrigerant cools the 
air around the indoor heat exchanger 4 and then returns 
to the compressor 7. TTie air around the indoor heat 
exchanger 4 flows into the interior of the electric auto- 30 
mobile. On the other hand, the refrigerant distributed to 
the side of the wheel driving motor 15 is adiabaticaiiy 
expanded by an expansion valve 13 positioned just 
before the wheel driving woXor 15 and then flows into 
the wheel driving motor 16. Thereafter, the refrigerant 35 
cools the wheel driving motor 15 and then returns to the 
compressor 7. 



2,1 Basic Structure 
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Figs. 5, 6, and 7 show an electric automobile 
according to an embodiment of the present invention. 
Fig. 5 in particular shows a heat pump type (reversible 
type) refrigerating system of the electric automobile in a 
cooling mode. Fig. 6 shows the heat pump type refriger- 4S 
ating system in a heating mode, and Fig. 7 shows a 
general plan view of the electric automobile. 

In Figs, 5 and 7, the refrigerating system of the 
electric automobile is set in the cooling mode. A gase- 
ous refrigerant (such as Freon) is compressed by a so 
conrpressor 22 to a high temperature and a high pres- 
sure. The gaseous refrigerant flows through a refriger- 
ant pipe 23, and then flows into an outdoor heat 
exchanger 25 through a change-over valve 24, In the 
cooling mode (Fig. 5), the outdoor heat exchanger 25 ss 
functions as a condenser, and is ventilated wKh a cool- 
ing fan 26. 

The gaseous refrigerant is cooled by the outdoor 
heat exchanger 25 to become low-temperature ar>d 



high-pressure liquid refrigerant. As a magnetic valve 27 
is open all the way in the cooling mode, the liquid refrig- 
erant is distributed to a side of an indoor heat exchanger 
29 for air-corxiitioning the automobile and a side of a 
wheel driving motor 21. In this case the indoor heat 
exchanger 29 functions as an evaporator. Next the liquid 
refrigerant is adiabaticaiiy expanded by an indoor heat 
exchanger expansion valve 28 located just before the 
indoor heat exchanger 29, to become low-temperature 
and low-pressure gaseous and liquid refrigerant. Then 
the gaseous and liquid refrigerant flows into the indoor 
heat exchanger 29 and cools the air around the indoor 
heat exchanger 29, The air around the indoor heat 
exchanger 29 thus cooled by the gaseous and liquid 
refrigerant is blown into the interior of the electric auto- 
mobile by a fan 30. On the other hand, the gaseous and 
liquid refrigerant is heated at the indoor heat exchanger 
29 to return into a gaseous refrigerant, which then flows 
to a compressor 22 through a change-over valve 31 as 
shown in Fig. 5. 

On the other hand, the liquid refrigerant flowing to 
the side of the wheel driving motor 21, is adiabaticaiiy 
expanded by a motor expansion valve 32, located just 
before the wheel driving motor 21 , to become a gase- 
ous and liquid refrigerant. Next, the refrigerant flows to 
the wheel driving motor 21 and then cools the wheel 
driving motor 21 . In this case, the wheel driving motor 
21 can be cooled rapidly and efficiently because the 
wheel driving motor in itself functions as an evaporator. 
The gaseous and liquid refrigerant is heated by the 
wheel driving motor 21 to return into a gaseous refriger- 
ant, which then flows to the compressor 22. Next the 
gaseous refrigerant is compressed by the conrpressor 
into a state of a high temperature and a high pressure, 
and then the gaseous refrigerant flows again to the out- 
door heat exchanger 25 through the change-over valve 
24. Thereafter, the steps described above are repeated. 

As shown in Fig. 7, the driving force of the wheel 
driving motor 21 is transmitted to the front wheels 2a 
through a transmission 36 in order to drive the electric 
automobile. In Fig. 7, reference numeral 2b indicates 
the rear wheels. 

Next, the refrigerating system of the electric auto- 
mobile in the heating mode will be described below with 
reference to Fig. 6. 

In the heating nrrode. the gaseous refrigerant is 
compressed by the compressor 22, and then flows to 
the indoor heat exchanger 29 through the change-over 
valves 24 and 31, as shown in Fig. 6. In this case the 
indoor heat exchanger 29 functions as a condenser. 
The gaseous refrigerant is cooled by the cool air around 
the indoor heat exchanger 29 to become a low-temper- 
ature and high-pressure liquid refrigerant. Next, the liq- 
uid refrigerant flows to the wheel driving motor 21 
through a check valve 37. In this case, the liquid refrig- 
erant does not flow to the side of the outdoor heat 
exchanger 25 because the magnetic valve 27 is fully 
dosed. 
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The liquid refrigerant which flows to the side of the 
wheel driving motor 21 in this manner is adiabatically 
expanded by the expansion valve 32, installed just 
before the wheel driving motor 21. to become a gase- 
ous and liquid refrigerant Next, this gaseous and liquid 
refrigerant cools the wheel driving motor 21. In this 
case, the wheel driving motor 21 can be cooled effi- 
ciently and rapidly because the wheel driving motor 21 
in itself functions as an evaporator. The gaseous and 
liquid refrigerant is heated by the wheel driving motor 21 
to return into a gaseous refrigerant. This gaseous refrig- 
erant flows to the compressor 22 and is then com- 
pressed to a state of a high temperature and a high 
pressure. Thereafter, the gaseous refrigerant flows 
again to the indoor heat exchariger 29 through the 
change-over valves 24 and 31. The steps described 
above are then repeated. Both the air-conditioning of 
the interior of the electric automobile and the cooling of 
the wheel driving motor are performed by an-anging the 
wheel driving motor within the heat pump type refriger- 
ating system. An economical electric automobile can 
therefore be obtained. 

2.2 Variations of Structure 

Next, one variation of the electric automobile 
according to a second embodiment of the present 
invention will be described with reference to Fig. 8. 

The same reference numerals are used in Fig. 8 for 
parts conresponding to those in Fig. 7, and detailed 
descriptions of these parts are omitted. 

In the variation of the electric automobile shown in 
Fig. 8. a gaseous refrigerant is compressed by the com- 
pressor 22 and then flows to the outdoor heat 
exchanger 25 to become a liquid refrigerant through the 
change-over valve 24 in the cooling mode. Next, the liq- 
uid refrigerant flows through a change-over valve 40 
and is then adiabatically expanded by the indoor heat 
exchange expansion valve 28 to become a gaseous and 
liquid refrigerant. Thereafter this gaseous and liquid 
refrigerant flows into and cools the indoor heat 
exchanger 29. In this case, the gaseous and liquid 
refrigerant is not completely evaporated within the 
indoor heat exchanger 29. Next, the gaseous and liquid 
refrigerant flows into the wheel driving motor 21 in 
series through a change-over valve 41 . The gaseous 
and liquid refrigerant is completely evaporated wKhin 
the wheel driving motor 21 to become a gaseous refrig- 
erant which then returns to the compressor 22. In this 
case, the motor expansion valve 32 Is fully open. 

On the other hand, in the heating nrxxde, the gase- 
ous refrigerant is conpressed by the compressor 22 
and then flows to the indoor heat exchanger 29 through 
the change-over valve 24 and 41 (Fig. 8). The refriger- 
ant heats the air around the indoor heat exchanger 29 to 
become a low-temperature liquid refrigerant. This liquid 
refrigerant flows through the check valve 37 and the 
change-over valve 40 arKl is then adiabatically 
expanded by the motor expansion valve 32 to become a 



gaseous and liquid refrigerant Thereafter the gaseous 
and liquid refrigerant cools the wheel driving motor 21 to 
become a gaseous refrigerant, which then returns to the 
compressor 22. 

5 Next, another variation of the electric automobile is 
shown in Fig. 9. In Rg. 9. in the cooling nrxxje, a gase- 
ous refrigerant is conpressed by the compressor 22 
and then flows into the outdoor heat exchanger 25 to 
become a liquid refrigerant This liquid refrigerant is adi- 

10 abatically expanded by the indoor heat exchanger 
expansion valve 28 to become a gaseous and liquid 
refrigerant, which then cools the air around the indoor 
heat exchanger 29. At the same time, after passing 
through the outdoor heat exchanger 25, the liquid refrig- 

16 erant flows into the motor expansion valve 32 in parallel. 
The liquid refrigerant is adiabatically expanded by the 
nrtotor expansion valve 32 to become a gaseous and liq- 
uid refrigerant Next this gaseous and liquid refrigerant 
cools the wheel driving motor 21. The refrigerant that 

20 has passed through the indoor heat exchanger 29 and 
the refrigerant that has passed through the wheel driv- 
ing motor 21. botti return to the compressor 22 through 
the change-over valves 43 and 44 respectively 

In Fig. 9, in the heating mode, a gaseous refrigerant 

25 is compressed by the compressor 22 and then passes 
through the outdoor heat exchanger 25 to become a liq- 
uid refrigerant. This liquid refrigerant is caused to flow 
only to the motor expansion valve 32 by changing over 
the change-over valve 42. The liquid refrigerant Is adia- 

30 batically expanded by the moior expansion valve 32 and 
then cools the wheel driving motor 21. The refrigerant 
heated by the wheel driving motor 21 flows to the indoor 
heat exchanger 29 through the change-over valves 44 
and 43. Next, the refrigerant heats the air around the 

35 indoor heat exchanger 29 and then returns to the com- 
pressor 21 through the check valve 37 and the change- 
over valve 42. 

3.1 Basic Structure 

40 

Rgs. 10, 11, and 12 show an electric automobile 
according to a third embodiment of the present inven- 
tion. 

In Figs. 10, 11, and 12, the electric automobile has 
45 a wheel driving motor 50 for each driven wheel. The 
wheel driving motor 50 is an outer rotor type motor 
which comprises a stator 61 fixed on a stationary shaft 

51 and a rotor 62 provided outside and around the sta- 
tor 61 . Fig. 10 is a partial plan view showing the electric 

so automobile. 

In Fig. 10. a gaseous refrigerant is compressed by 
a corrpressor 57 and then coded by an outdoor heat 
exchanger 53 having a fan 53a to become a low-tem- 
perature and high-pressure liquid refrigerant. Thereaf- 

55 ter, the Ttquid refrigerant flows through a refrigerant pipe 

52 to a skie of an indoor heat exchanger 54 and to the 
side of the stationary shaft 51 of the wheel driving motor 
50. The liquid refrigerant flowing to the side of the indoor 
heat exchanger 54 is adiabatically expanded by an 
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indoor heat exchanger expansion valve 55 installed just 
before the indoor heat exchanger 54 to become a low- 
temperature and low-pressure gaseous and liquid 
refrigerant Thereafter, this gaseous and liquid refriger- 
ant cools the air arourKi the indoor heat exchanger 54. 
The air around the indoor heat exchanger 54 cooled in 
this manner is blown into the interior of the electric auto- 
mobile by means of a fan 56. 

As shown in Figs. 1 1 and 12, the stationary shaft 61 
is provided inside the stator 61 of the wheel driving 
motor 50. The liquid refrigerant flowing to the side of the 
stationary shaft 51 is adiabatically expanded by a motor 
expansion valve 68 positioned just before the wheel 
driving motor 50 to become a gaseous and liquid refrig- 
erant The gaseous and liquid refrigerant flows into a 
refrigerant passage 65 formed within the stationary 
shaft 51 through a plurality of inlet pipes 59. The gase- 
ous and liquid refrigerant flowing into the refrigerant 
passage 65 cools the stator 61 of the wheel driving 
motor 50 fixed on the stationary shaft 51. In this case, 
the stator 61 of the wheel driving motor 50 may be 
cooled efficiently and rapidly, because the stationary 
shaft 51 itself functions as an evaporator. 

The gaseous and liquid refrigerant is heated by the 
wheel driving motor 50 to become a gaseous refriger- 
ant, which then passes from the refrigerant passage 65 
within the stationary shaft 51 to an outlet pipe 60. Next, 
the gaseous refrigerant flows to the compressor 57 
through a refrigerant return pipe 63. Thereafter the gas- 
eous refrigerant is compressed by the compressor 58 
into a state of a high temperature and high pressure. 
Next the gaseous refrigerant flows to the outdoor heat 
exchanger 53 again to become a low-temperature and 
high pressure liquid refrigerant. Thereafter, the steps 
described above are repeated. 

In Fig. 12, a wheel 66 is fixed to the periphery of the 
rotor 62 for holding a tire 67 directly. 

3.2 Variation of Structure 

Next, a variation of the electric automobile accord- 
ing to the third embodiment of the present invention will 
be described with reference to Rg. 13. 

The same reference numerals are used in Fig. 1 3 in 
parts corresponding to those in Fig. 12, and detailed 
descriptions of these parts are omitted. 

In Fig. 13. a periphery portion 61a and side por- 
tions 61b of the stator 61 are corrtpletely surrounded 
and sealed by a sealing can 68. The stator 61 is fixed on 
the stationary shaft 51 . An inlet pipe 71 and an outlet 
pipe 72 are provided within the stationary shaft 51 and 
communicate with the interior of the sealing can 68. In 
Fig. 13. a refrigerant flowing into the interior of the seal- 
ing can 68 through the inlet pipe 71 positively cools the 
stator 61 . The refrigerant within the sealing can 68, after 
cooling the stator 61, flows out of the outlet pipe 72. 

Figs. 14 to 20 show an electric autonnobile accord- 
ing to a fourth embodiment of the present invention. 
This electric automobile has substantially the same 



structure as the electric autonrK)bt[e of the first embodi- 
ment in Fig. 1 or the electric automobile of the second 
enr^bodiment in Fig. 5 except for variations in the inner 
structure of a wheel driving motor. 

5 

4.1 First Structure of Wheel Driving Motor 

A first structure of a wheel driving motor will be 
described with reference to Fig. 14. 

10 As shown in Fig. 14, the wheel driving motor 80 
comprises a sealing shell 85, a flange 84 provided 
within the sealing shell 86, a stator 82 supported by the 
flange 84. a rotor 83 provided inside the stator 82. and 
a driving shaft 81 fixed to the inner surface of the rotor 

IS 83. An inlet pipe 86 for supplying a refrigerant (such as 
Freon) into the sealing shell 85 and an outlet pipe 87 for 
discharging the refrigerant out of the sealing shell 85 
are connected to the sealing shell 85. A lead wire 88 is 
connected to the stator 62 and passes through the seal- 

20 ing shell 85 to extend outside. 

In Fig. 14, the refrigerant fbwing Into the sealing 
shell 85 through the inlet pipe 86 cools the stator 82 and 
the rotor 83 respectively within the sealing shell 85 and 
then flows out through the outlet pipe 87. 

25 

4.2 Second Structure of Wheel Driving Motor 

A second structure of a wheel driving motor will be 
described with reference to Fig. 15. 

30 The wheel driving motor 80 in Fig. 15 has substan- 
tially the same structure as the wheel driving motor in 
Fig. 1 4, except for the provision of a wick 89 on the inner 
surface of the sealing shell 85 for diffusing efficiently the 
refrigerant within the sealing shell 85. 

35 tn Fig. 15, the refrigerant flowing into the sealing 
shell 85 through the inlet pipe 86, is diffused within the 
sealing shell 85 by the capillarity of the wick 89, so that 
the inside of the sealing shell 85 may be cooled effi- 
ciently. 

40 

4.3 Third Structure of Wheel Driving Motor 

A third structure of a wheel driving nrtotor will be 
described with reference to Fig, 16. 

45 The same reference numerals are used in Fig. 16 
tor parts corresponding to those in Fig. 14. and detailed 
descriptions of these parts are omitted. In Fig. 1 6, the 
wheel driving motor 80 has a sealing shell 85 which is 
divided into two chambers by a partition 91 . An accumu- 

50 lator 90 is formed within one chamber of the sealing 
shell 85, and a stator 82. a rotor 83, and a driving shaft 
81 are accommodated within the other chamber, A con- 
necting pipe 92 having a U shape is provided within the 
accumulator 90 and is connected to the other chamber 

55 for accommodating the stator 82 etc. The connecting 
pipe 92 is partially cut and connected to an outlet pipe 
87. A liquid refrigerant 93 is stored within the accumula- 
tor 90. A metering orifice 94 is formed at the lower end 
of the U shape connecting pipe 92. 
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In tiie wheel driving nnotor 80 shown in Rg. 16, the 
refrigerant flows into the sealing shell 85 through the 
inlet pipe 86 and then cods the stator 82 and the rotor 
83 to become a substantially gaseous refrigerant. Next, 
the refrigerant enters the accumulator 90. The sniall liq- $ 
uid part of the refrigerant is separated from the gaseous 
part of the refrigerant within the accumulator 90, The 
gaseous refrigerant flows into the connecting pipe 92 
through a cut end 92a of the connecting pipe 92 and 
then flows out through the outlet pipe 87. At the same io 
time, the liquid refrigerant is stored within the accumula- 
tor 90. The metering orifice 94 of the connecting pipe 92 
is positioned at substantiail/ the same level as the sur- 
face of the liquid refrigerant 93. The metering orifice 94 
is used for sucking the liquid refrigerant 93 in order to 15 
replenish the refrigerant when the amount of the gase- 
ous refrigerant entering the outlet pipe 87 becomes 
small. 

4.4 Fourth Structure of Wheel Driving Motor 20 

A fourth structure of a wheel driving motor will be 
described with reference to Fig. 1 7. 

The same reference numerals are used in Fig. 17 
for parts corresponding to those in Fig. 1 4, and detailed 26 
descriptions of these parts are omitted. 

As shown in Fig. 17, the wheel driving motor 80 and 
a compressor 95 of a refrigerating cycle are jointed 
together integrally That is, the common sealing shell 85 
is divided into a motor sealing shell 85a and a compres- so 
sor sealing shelf 85b. A compressor motor 96 is pro- 
vided within the conpressor sealing shell 85b, and the 
outlet pipe 87 of the wheel driving motor 80 communi- 
cates with the inside of the compressor sealing shell 
85b. Gaseous and liquid refrigerant flows into the nrx)tor 35 
sealing shell &5a through the inlet pipe 86 and then 
coots the stator 82 and the rotor 83 respectively. Next, 
the refrigerant flows into the compressor sealing shell 
85b through the outlet pipe 87. Then the refrigerant is 
compressed by the compressor 98 and discharged from 40 
a discharge pipe 97 to subsequent steps after cooling 
the compressor motor 96. In Fig. 1 7, reference numeral 
99 indicates a lead wire of the compressor nK>tor 96. 

4.5 Fifth Structure of Wheel Driving Motor 4S 

A fifth structure of a wheel driving motor will be 
described with reference to Fig. 18. 

As shown in Fig. 18. the wheel driving motor 80 has 
the stator 82 supported by the flange 84 and the rotor so 
83 provided inside the stator 82. The rotor 83 is fixed on 
the driving shaft 81 . 

A coiled thin pipe 101 in which the refrigerant flows 
for cooling the stator 82, is wound on the outer surfece 
of the stator 82. The refrigerant flows into the coiled thin 5s 
pipe 101 through an inlet pipe 102 and then flows out of 
the coiled thin pipe 101 through an outlet pipe 103. In 
Fig, 18, the lead wire 88 is connected to the stator 82. 



The lead wire 88 is passed through the flange 84 to the 
outside. 

4.6 Sixth Structure of Wheel Driving Motor 

A sixth structure ol a wheel driving moXox will be 
described with reference to Fig. 19. 

The wheel driving motor 80 in Fig. 19 has substan- 
tially the same structure as the wheel driving motor in 
Fig. 18 except for the provision of a jacket 105 in which 
the refrigerant flows on the outer surface of the stator 82 
instead of a winding of the coiled thin pipe 101. In Fig. 
19, the refrigerant flows into the jacket 105 through an 
inlet pipe 106 and then cools the stator 82. Next, the 
refrigerant flows out of the jacket 105 through an outlet 
pipe 107. 

4.7 Seventh Structure of Wheel Driving Motor 

A seventh structure of a wheel driving motor will be 
described with reference to Fig. 20. The wheel driving 
motor 80 in Fig. 20 has substant'ally the same structure 
as the wheel driving motor in Fig. 18 except for the sur- 
rounding and sealing of the outer surface, the inner sur- 
face and the side surface of the stator 82 by a sealing 
can 110 instead of the winding of the coiled thin pipe 
101. That is, the outer surface, the inner surface and the 
side surface of the stator 82 are conpletety sealed by 
the sealing can 110, except for the inner space where 
the driving shaft 81 and the rotor 83 are disposed. An 
inlet pipe 1 1 1 for supplying the refrigerant into the seal- 
ing can 110, and an outlet pipe 1 12 for discharging the 
refrigerant out of the sealing can 1 10 are connected to 
the sealing can 110. 

INDUSTRIAL APPLtCABlLITY 

An automobile described above may be used 
broadly as a non-polluting autonnobile in place of 
present internal combustion engine type automobiles. 

Claims 

1 . An electric autonriobile comprising; 

a wheel-driving motor (8. 10; 15; 21) for driv- 
ing respectively one or more of a plurality of driving 
wheels (2a, 2b) of the electric automobile, and 

a refrigerating system in which a refrigerant 
ftows, and which comprises a compressor (7; 22), 
an outdoor heat exchanger (6; 25). an indoor heat 
exchanger expansion valve (3; 28), and an indoor 
heat exchanger (4; 29) connected one after another 
by refrigerant pipes (1 ; 23), and in which 

the wheel-driving motor is provided within 
the refrigerating system, so that the wheel-driving 
motor is cooled directly by the refrigerant. 

the refrigerating system having a change- 
over valve (24, 31; 24. 40, 41; 42, 43, 44) whereby 
the refrigerant flow is made reversaole so as to pro- 
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vide an indoor heating mode and an indoor cooling 
mode, whereby 

in the cooling mode the refrigerant is adia- 
baticaliy expanded by the indoor heat exchanger 
expansion valve after passing through the outdoor 5 
heat exchanger and then cools the air around the 
indoor heat exchanger, and 

in the heating mode the refrigerant heats the 
air around the indoor heat exchanger, after being 
heated either by compression at the compressor or ro 
by waste heat at the wheel -driving motor. 

2. The electric automobile according to claim 1. 
wherein 

the refrigerating system is so constructed 15 
that in the cooling mode, in parallel with the adia- 
batic expansion by the indoor heat exchanger 
expansion valve (28). the refrigerant is adiabatically 
expanded by a motor expansion valve (32), which is 
located before the wheel-driving motor (21), after 20 
passing through the outdoor heat exchanger (25) 
and then cools the wheel driving motor, 

and that in the heating mode, the refrigerant 
is adiabatically expanded by the motor expansion 
valve after passing through the irxioor heat zs 
exchanger (29) and then cools the wheel driving 
motor. 

3. The electric automobile according to claim 1, 
wherein 30 

the refrigerating system is so constructed 
that, in the cooling mode, the refrigerant cools the 
air around the indoor heat exchanger (29) and the 
wheel driving motor (21) in series. 

and that, in the heating mode, the refrigerant 3s 
is adiabatically expanded by a motor expansion 
valve (32), which is located before the wheel-driving 
motor, after passing through the indoor heat 
exchanger and then cools the wheel driving motor. 

40 

4. The electric automobile according to claim 1, 
wherein 

the refrigerating system is so constructed 
that in the cooling mode, in parallel with the adla- 
batic expansion by the indoor heat exchanger 4s 
expansion valve (28). the refrigerant is adiabatically 
expanded by a motor expansion valve (32). which is 
located before the wheel-driving motor (21), after 
passing through the outdoor heat exchanger (25) 
and then cools the wheel driving motor, so 

and that, in the heating mode, the refrigerant 
is adiabatically expanded by the motor expansion 
valve after passing through the outdoor heat 
exchanger, then cools the wheel driving motor, and 
next heats the air around the indoor heat exchanger ss 
(29) by waste heat from the wheel driving motor, 

5. The electric automobile according to claim 1, 
wherein 



the wheel driving motor (80) conrprises a 
sealing shell (85), a stator (82) within the sealing 
shell, a rotor (83) provided inside the stator and 
having a driving shaft (81 ) . 

the sealing shell having an inlet pipe (86) 
connected thereto for supplying the refrigerant into 
the sealing shell, and an outlet pipe (87) connected 
thereto for discharging the refrigerant out of the 
sealing shell. 

6. The electric automobile according to claim 5, 
wherein 

the sealing shell (85) has a wick (89) dis- 
posed on the inner surface thereof for efficiently dif- 
fusing the refrigerant. 

7. The electric automobile according to claim 5, 
wherein 

the sealing shell (85) is provided with an 
accumulator (90) for separating the refrigerant into 
a liquid refrigerant and a gaseous refrigerant, and 
the outlet pipe (87) is connected to the accumulator. 

8. The electric automobile according to claim 1, 
wherein 

the wheel driving motor (80) is so contructed 
as to be integrally joined to the compressor (95) of 
the refrigerating cycle. 

9. The electric automobile according to claim 1, 
wherein 

the wheel driving motor (80) comprises a 
stator (82) supported by a flange (84) and a rotor 
(83) provided inside the stator and having a driving 
shaft (89). 

the stator having a coiled thin pipe (101) dis- 
posed on the outer surface thereof, in which the 
refrigerant flows, 

10. The electric automobile according to claim 1, 
wherein 

the wheel driving motor (80) comprises a 
stator (82) supported by a flange (84) and a rotor 
(83) provided inside the stator and having a driving 
shaft (81). 

the stator having a jacket (105) disposed on 
the outer surface thereof, to which an inlet pipe 
(106) for supplying the refrigerant and an outlet 
pipe (107) for discharging the refrigerant are con- 
nected. 

11. The electric automobile according to claim 1, 
wherein 

the wheel driving motor (80) conrprises a 
stator (82) supported by a flange (84) and a rotor 
(83) provided inside the stator and having a driving 
shaft (81), 

the outer surface, the inner surface and the 
side surface of the stator are completely sur- 
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rounded aod sealed by a sealing can (110). to 
which an inlet pipe (1 1 1) for supplying the refriger- 
ant and an outlet pipe (112) for discharging the 
refrigerant are connected. 

5 

12. The electric automobile according to claim 1, 
wherein 

the wheel driving niotor (50) comprises a 
stator (61) having a stationary shaft (51) and a rotor 
(62) provided outside the stator and having a wheel io 
(66) for holding a tire (67) on the periphery thereof, 

the stator having a refrigerant passage (65) 
formed therewithin, to which an inlet pipe (59) for 
supplying the refrigerant and an outlet pipe (60) for 
discharging the refrigerant are connected. is 

13. The electric automobile according to claim 1, 
wherein 

the wheel driving motor (50) comprises a 
stator (61 ) having a stationary shaft (5 1 ) and a rotor 20 
(62) provided outside the stator and having a wheel 
(66) for holding a tire (67) on the periphery thereof, 
and wherein 

the outer surface (61a) and the side surface 
(61b) of the stator are completely surrounded and 2s 
seated by a sealing can (68). to which an inlet pipe 

(71) for supplying the refrigerant and an outlet pipe 

(72) for discliarging the refrigerant are connected. 

Patentanspruche 30 

1 . Ein etektrisch angetriebenes Fahrzeug, umfassend: 
einen Badantriebsmotor (8, 10: 15; 21) zum jeweili- 
gen Antreiben von einem oder mehreren einer 
Mehrzahl von Antriebsradern (2a, 2b) des eiek- 35 
trisch angetriebenen Fahrzeugs, und 
ein Kuhlsystem, in dem ein Kdltennittei flie8t und 
das einen Konnpressor (7; 22). einen AuBenluft- 
Wdrmetauscher (6; 25). ein Expansionsventil (3; 
28) for einen Innenluft-Wdrmetauscher, und einen 40 
Inneniuft-WSrmetauscher (4; 29) umfa^, die hinter- 
einander durch Kaitemittelleitungen (1 ; 23) veiixin- 
den sind. und in dem 

der Badantriebsmotor innerhalb des Kuhlsystems 
vorgesehen ist, so da6 der Badantriebsmotor 45 
unmtttelbar durch das Kdltemittel gekOhlt wird, 
wobei das KDhlsystem ein Umschattventii (24. 31 : 
24. 40. 41 ; 42. 43. 44) aufweist, wodurch die Kfllte- 
mittelstrOmung umkehrbar gemacht wird. um eine 
Innenluft-Heizbetriebsart und eine Innenluft-KOhl- so 
betriebsart bereitszustellen. wodurch 
das Kdttemittel in der KQhibetriet>sart adiabatisch 
durch das Expansionsventil des Inneniuft-Wdrme- 
tauschers ausgedehnt wird. nachdem es durch den 
AuBenluft-Warmetauscher hindurchgegangen ist, ss 
und dann die Luft um den Innenluft-Wdrmetau- 
scher herum kohh, und 

das Kaitemittel in der Heizbetriebsart die Luft um 
den Innenluft-Warmetauscher herum erwarnrrt, 
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nachdem es entweder durch Kbmpression bet dem 
Kompressor oder durch Abwftrme bei dem Badan- 
triebsmotor enft^armt worden ist. 

2. Das elektrisch antreit>bare Fahrzeug gemSB 
Anspruch 1, worin das KDhlsystem so konstruiert 
ist. dal3 in der KQhlbetriebsart das Kdltemittel paral- 
lel zu der adiabatischen Ausdehnung durch das 
Expansionsventil (28) des Innenluft-Wdrmetau- 
schers adiabatisch durch ein Motorexpansionsven- 
til (32). das sich vor dem Badantriebsmotor (21) 
befindet. ausgedehnt wind, nachdem es durch den 
Au8enluft-Wdrmetauscher (25) hindurchgegangen 
ist und dann den Badantriebsmotor kDhlt, 

und dad In der Heizbetriebsart das KSItemittel adia- 
batisch durch das Motorexpansionsventil ausge- 
dehnt wird, nachdem es durch den Innenluft- 
WSrmelauscher (29) hindurchgegangen ist, und 
dann den Badantriet)smotor kOhlt. 

3. Das elektrisch antreibbare Fahrzeug gema6 
Anspruch 1 , worin das Kuhlsystem so konstruiert 
ist. da3 das Kditemittel in der KQhlbetriebsart die 
Luft um den tnnenluft-Warmetauscher (29) herum 
und den Badantriebsmotor (21) in Reihe kDhIt, 
und daft das Kaltemtttel in der Heizbetriebsart adia- 
batisch durch ein Motorexpanstonsventil (32), das 
sich vor dem Radantriebsmotor befindet. ausge- 
dehnt wird, nachdem es durch den Innenluft-War- 
metauscher hindurchgegangen ist. und dann den 
Radantriebsmotor ktihlt. 

4. Das elektrisch antreibbare Fahrzeug gemd6 
Anspruch 1, worin das KDhlsystem so konstruiert 
ist, da6 in der Kuhlbetriebsartdas Kaitemittel paral- 
lel zu der adiabatischen Ausdehnung durch das 
Expansionsventil (28) des Innenluft-Warmetau- 
schers adiabatisch durch ein Motorexpansionsven- 
til (32), das sich vor dem Radantriebsmotor (21) 
befindet, ausgedehnt wird, nachdem es durch den 
Au6enluft-W&rmetauscher (25) hindurchgegangen 
ist und dann den Radantriebsmotor kahlt. 

und daB in der Heizbetriek^sart das Kftltemittel adia- 
batisch durch das Motorexpansionsventi) ausge- 
dehnt wird, nachdem es durch den AuSenluft- 
W^rmetauscher hindurchgegangen ist, dann den 
Radantriebsmotor kOhlt. und als nachstes die Luft 
um den Innenlutt-Warmetauscher (29) herum 
durch AbwSrme von dem Radantriebsnxjtor 
erwarmt. 

5. Das elektrisch antreibbare Fahrzeug gemaB 
Anspruch 1, worin der Radantriebsmotor (80) 
umfa8t einen Dichtungsmantel (85), einen Stator 

(82) innerhalb des Dichtungsmantels, einen Rotor 

(83) , der innerhalb des Stators vorgesehen ist und 
eine Antriebswelle (81) aufweist. 

der Dichtungsmantel eine EinlaBleitung (86). die 
damit zum ZufQhren des K£Utemitteis in den Dich- 
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tungsmantel verbunden ist, und eine Ausla3leitung 
(87) aufweist, die damil zum Austragen des Kfilte- 
mitteis aus dem D^htungsmanfel heraus verbun- 
den ist. 

6. Das elektrisch antreibbare Fahrzeug, gemd3 
Anspruch 5. worin der Dichtungsmantet (85) einen 
Docht (89) aufweist, der auf seiner inneren Oberf id- 
Che zum wirksamen Verteiien des KSItemittels 
angeordnet ist. 

7. Das elel<trisch antreibbare Falirzeug. gemAiJ 
Anspruch 5, worin der Dichtungsniantel (85) mit 
einem Sammier (90) zum Trennen des Kaitemittels 
in einflOssiges K&ltemittel und ein gasfOrmiges Kdt- 
temittel versehen ist. und die AuslaQieitung (87) mit 
dem Sammier verbunden Ist. 

8. Das elektriscii antreibt>are Fahrzeug, gemSB 
Anspruch 1, worin der Radantriebsmotor (80) so 
konstruiert ist, da8 er einheitlich mit dem Kbmpres- 
sor (95) des K^tekreislaufs verbunden ist 

9. Das elektrisch antreibbare Fahrzeug, gemaB 
Anspruch 1, worin der Antriebsmotor (80) einen 
Stater (82), der von einem Flansch (84) gehalten 
ist, und einen Rotor (83) umfal3t, der innerhalb des 
Stators vorgesehen Ist und eine Antriebswelle (89) 
aufweist 

wobei der Stator eine gewickeite. dQnne Leitung 
(101), die auf seiner auSeren Oberfiache angeord- 
net ist. aufweist, in der das Kaitemittel f Ile8t. 

10. Das elektrisch antreibbare Fahrzeug, gemdB 
Anspruch 1. worin der Antriebsmotor (80) einen 
Stator (82), der von einem Flansch (84) gehalten 
ist. und einen Rotor (83) umfa6t, der Innerhalb des 
Stators vorgesehen ist und eine Antriebswelle (81) 
aufweist. 

der Stator einen Mantel (1 05) aufweist, der an sei- 
ner auBeren Oberfiache angeordnet ist und mit 
dem eine EinlaSleitung (106) zum ZufOhren des 
Kaitemittels und eine AuslaGleitung (107) zum Aus- 
tragen dee Kaitemrtteis vertKjnden sir>d. 

11. Das elektrisch antreibbare Fahrzeug, gemfiB 
Anspruch 1, worin der Antriebsmotor (80) einen 
Stator (82), der von einem Flansch (84) gehalten 
ist, und einen Rotor (83) umfaBt, der innerhalb des 
Stators vorgesehen ist und eine Antriebswelle (81) 
aufweist. 

die au6ere Oberfiache. die innere Oberfiache und 
die Seitenoberftache des Stators vollstandig von 
einem Dichtungsmantel (110) umgeben und abge- 
dichtet sind, mit dem eine Einlafileitung (111) zum 
ZufOhren des Kaitemittels und eine AuslaBleitung 
(112) zum Austragen des Kaitemittels vertxjnden 
sirKl. 



12. Das elektrisch antreibbare Fahrzeug, gemaB 
Anspruch 1 . worin der Radantriebsmotor (50) einen 
Stator (61). der einen ortsfesten Schaft (51) auf- 
weist. und einen Rotor (62) umfaBt, der auSerhalb 

s des Stators vorgeseh^ ist und ein Bad (66) zum 
Hatten eines Reifens (67) auf seinem Umfang auf- 
weist, 

der Stator einen Kaitemitteldurchgang (65) auf- 
weist. der darin gebildet ist und mit dem eine Ein- 
10 laSleitung (59) zum ZufOhren des Kaitemittels und 
eine Ausla8tertung (60) zum Austragen des Kaite- 
mittels verbunden sind. 

13. Das elektrisch antreibbare Fahrzeug, gemaB 
15 Anspruch 1 . worin der Radantriebsmotor (50) einen 

Stator (61), der einen ortsfesten Schaft (51) auf- 
weist, und einen Rotor (62) umfaBt. der auBerhalb 
des Stators vorgesehen ist und ein Rad (66) zum 
Halten eines Reifens (67) auf seinem Umfang auf- 

^ weist, 

die auBere Oberfiache (61a) und die Seitenoberf Id- 
che (61b) des Stators vollstandig von einem Dich- 
tungsmantel (68) umgeben und abgedichtet sind. 
mit dem eine EinlaBleitung (71) zum ZufOhren des 

25 Kaitemittels und eine AuslaBleitung (60) zum Aus- 
tragen des Kaitemittels vert)unden sind. 

Revendlcattons 

30 1, Automobile 6lectrique, comprenant : 

un moteur d*entraTnement de roue (8, 10 ; 15 
; 21) destine k entratner respectivement une ou plu- 
sieurs des roues motrices (2a, 2b) de I'automobile 
^lectrk^ue, et 

35 un ensemble de refrigeration dans lequel 

s*ecoute un fluide refrigerant et qui comporte un 
compresseur (7 ; 22), un echangeur de chaleur 
externe (6 ; 25). une soupape (3 ; 28) de detente 
d'echangeur de chaleur interne, et un echangeur 

40 de chaleur interne (4 ; 29) raccordes tes uns apres 
les autres par des tubes (1 ; 23) de circulation de 
fluide refrigerant, et dans laquelle 

te nrK}teur d'entraTnement de roue est incor- 
pore k Tensemble de refrigeration de maniere que 

46 le moteur d'entraTnement de roue soil directement 
refrotdi par te fluide refrigerant, 

rensemfcrfe de refrigeration ayant une sou- 
pape de commutation (24, 31 ; 24, 40, 41 ; 42, 43, 
44) grSce k laquelle la circulation du fluide retrige- 

50 rant est rendue reversible afin qu'elle donne un 
mode de chauffage interne et un mode de refroidis- 
sement interne, d'une maniere telle que 

en mode de refrokiissement. le fluide refri- 
gerant subit une detente adiabatique dans la sou- 

55 pape de detente d'echangeur de chaleur interne 
apres circulation dans recfiangeur de chaleur 
externe. puis refroidit Tair entourant rechangeur de 
chaleur interne, et 

en nrKxie de chauffage, te fluide refrigerant 
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chauffe Tair entourant r^changeur de chaleur 
interne, apr^ avoir chauff6 sott par compres- 
sion dans le conipresseur, sott par les chaleurs 
us^es d6gagdes au niveau du moteur d^entratne- 
ment de roue. 5 

2. Automobile ^lectrique selon ia revendication 1, 
dans laquelle : 

rensemble de refrigeration a une construc- 
tion telle que, en mode de refroidissement, en io 
paralieie avec la detente adiabatique realis^e par la 
soupape (28) de detente d'^changeur de chaleur 
interne, le fluide r6frig6rant subtt une detente adia- 
batique dans une soupape (32) de detente de 
moteur piac6e juste avant le moteur d'entraTnement is 
de roue (21), apres circulation dans rechangeurde 
chaleur externe (25), puis refroidrt le moteur 
d'entratnement de roue, et 

en mode de chauffage, le fluide de refroidis- 
sement subtt une detente adiabatique dans la sou- so 
pape de detente de moteur apres passage dans 
rechangeur de chaleur interne (29). puis refroidit le 
moteur d'entraTnement de roue. 

3. Automobile eiectrique selon la revendication 1. 2S 
dans laquelle : 

rensemble de refrigeration a une construc- 
tion telle que, en mode de refroidissement. le fluide 
refrigerant refroidit Tair entourant rechangeur de 
chaleur interne (29) et le moteur d'entraTnement de so 
roue (21) en serie, et 

en mode de chauffage. le fluide refrigerant 
subtt une detente adiabatique dans une soupape 
de detente de nrK>teur (32) placee avant le moteur 
d'entratnement de roue, apr^s circulation dans ss 
rechangeur de chaleur internet puis refroidit le 
moteur d'entratnement de roue. 

4. Automobile eiectrique selon la revendication 1, 
dans laquelle : 40 

rensemble de refrigeration a une construc- 
tion telle que, en mode de refroidissement, en 
paraiieie avec la detente adiabatique realtsee par la 
soupape (28) de detente d*echangeur de chaleur 
interne, le fluide refrigerant subit une detente adia- 4$ 
batique par une soupape (32) de detente de moteur 
placee avant le rrtoteur d*entraTnement de roue 
(21). apres circulation dans rechangeur de chaleur 
externe (25), puis refroidit le moteur d'entratnement 
de roue, et so 

en mode de chauffage, le fluide refrigerant 
subit une detente adiabatique dans la soupape de 
detente de nrxiteur apres passage dans rechangeur 
de chaleur externe, puis refroidit le moteur d'entrat- 
nement de roue, et chauffe I'air entourant rechan- ss 
geur de chaleur interne (29) par les chaleurs usees 
degagees par ie moteur d'entratnement de roue. 
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5. Automobile eiectrique selon la revendication 1. 
dans laquelle : 

le nnoteur d'entratnement de roue (80) com- 
porte une coquille d*6tancheite (85)» une stator (82) 
place dans la coquille d'etarx;heite, un rotor (83) 
place dans le stator et a/ant un arbre d'entraTne- 
ment (81), 

la coquille d'etancheite ayant un tube 
d'entree (86) raccorde ^ la coquille de mani^e qu'il 
transmette le fluide refrigerant k Tinterieur de la 
coquille d*etancheit6, et un ttise de sortie (87) rac- 
corde k la coquille afin qu'il evacue le fluide refrige- 
rant de la coquille d'etancheite. 

6. Automobile eiectrique selon la revendication 5. 
dans laquelle la coquille d'etancheite (85) possede 
une meche (89) placee k sa surface interne et des- 
tinee k diff user efficacement le fluide refrigerant. 

7. Automobile eiectrique selon la revendication 5, 
dans laquelle la coquille d'etancheite (85) possede 
un accumulateur (90) destine k separer le fluide 
refrigerant en un liquide refrigerant et une fluide 
refrigerant gazeux, et le fube de sortie (87) est rac- 
corde k I'accumulateur. 

8. Automobile eiectrique selon la revendication 1. 
dans laquelle le moteur d'entraTnement de roue 
(80) a une consti'uction telle qu'il est raccorde au 
compresseur (95) du cyde de refrigeration sous 
forme solidaire, 

9. Automobile eiectrique selon la revendication 1, 
dans laquelle : 

le moteur d'entratnement de roue (80) com- 
porte un stator (82) supporte par un f lasque (84) et 
un rotor (83) place dans le stator et ayant un arbre 
d'entratnement (89), 

le stator ayant un mince tube (101) sous 
forme d'un serpenttn place k sa surface externe et 
dans tequel circule le fluide refrigerant. 

10. Automobile eiectrique selon la revendication 1. 
dans laquelle le moteur d'entraTnement de roue 
(80) comporte un stator (82) supporte par un flas- 
que (84) et un rotor (83) place dans le stator et 
ayant un arbre d'entratnement (81), 

le stator ayant une double enveloppe (105) 
placee k sa surface externe et k laquelle sont rac- 
cordes un tube d'entree (106) destine k transmettre 
le fluide refrigerant et un tube de sortie (107) des- 
tine k evacuer le fluide refrigerant. 

11. Automobile eiectrique selon la revendication 1, 
dans laquelle : 

le nnoteur d'entratnement de roue (80) com- 
porte un stator (82) supporte par un f lasque (84) et 
un rotor (83) place dans le stator et ayant un arbre 
d'entratnement (81), 
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la surface externe, la surface interne et la 
surface lat^rale du stator ^tant totalement entou- 
r^es de mani6re 6tanche par tine botte 6tanche 

(110) k laquetle sont raccord^s un tube d'entr^e 

(111) destine k transmettre le fluide r6frig6rar!t et 5 
un tube de sortie (1 12) destine k ^vacuer le fluide 
refrigerant. 

12. Automobile 6lectrique selon la revendication 1, 
dans laquelle : 

le moteur d'entratnement de roue (50) com- 
porte un stator (61) ayant un arbre fixe (51) et un 
rotor (62) plac§ k I'exterieur du stator et ayant une 
roue (66) de support d'un pneumatique (67) k sa 
perrpherie> 

le stator ayant un passage (65) de fluide 
refrigerant forme k Unterieur et auquel sont raccor- 
des un tube d*errtree (59) destine k transmettre le 
fluide refrigerant et un tube de sortie (60) destine k 
evacuer le fluide refrigerartt. 

13. Automobile etectrique selon la revendication 1, 
dans laquelle : 

le moteur d'entratnement de roue (50) com- 
porte un stator (61) ayant un arbre fixe (51) et un 25 
rotor (62) place k Texterieur du stator et ayant une 
roue (66) de support d'un pneumatique (67) k sa 
peripherie, et dans laquelle 

la surface externe (61a) et la surface laterale 
(61b) du stator sont totalement entourees de 30 
maniere etanche par une boTte etanche (68) k 
laquelle sont raccordes un tube dentree (71) des- 
tine k transmettre le fluide refrigerant et un Xdbe de 
sortie (72) destine k evacuer le fluide refrigerant. 
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